We report on the observation of a large topological Hall effect (THE) over a wide temperature region in a geometrically frustrated Fe3Sn2 magnet with the kagomebilayer structure. We found that, the magnitude of the THE resistivity increases with temperature and reaches -0.875μΩ·cm at 380K. Moreover, the critical magnetic fields with the change of THE are consistent with the magnetic structure transformation, which indicates the real-space fictitious magnetic field proportional to the formation of magnetic skyrmions in Fe3Sn2. The results strongly suggest that the large THE is originated from the topological magnetic spin textures and may open up further research opportunities in exploring emergent phenomena in kagome materials. 31 . However, to confirm the magnetic structure and the origin of the skyrmion spin textures in kagome Fe3Sn2 magnet, a one-to-one correspondence between magnetic structure transformation and the THE is highly desired. In this letter, we demonstrate skyrmion-derived THE through the combination of magnetic and transport measurements in a geometrically frustrated Fe3Sn2 magnet with the kagomebilayer structure. As a result, the maximum magnitude of THE increases with 3 temperature and reaches a large value (-0.875μΩ·cm) at 380K. The variation of magnetic field dependent THE is consistent with the magnetic structure transformation, which indicates the real-space fictitious magnetic field proportional to the formation of topological magnetic spin textures. Single crystals of Fe3Sn2 were synthesized by the Sn-flux method with a molar ratio of Fe:Sn = 1:19. Fe (purity 99.95%) and Sn (purity 99.99%) grains were mixed and placed in an alumina crucible, which was sealed in a tantalum tube under partial Argon atmosphere. The tantalum tube was sealed in a quartz tube to avoid oxidation.
The interplay between electron spin and topological magnetic textures, such as magnetic skyrmions 1 , has attracted growing interest for its basic scientific importance and the technological applications 2, 3 . Recently, magnetic skyrmionic topological spin texture has been discovered in chiral B20-type magnets (MnSi 4 , Fe1-xCoxSi 5 , FeGe 6 and Cu2OSeO3 7 ), centrosymmetric magnets (La0.5Ba0.5MnO3 8 , La1.37Sr1.63Mn2O7 9 , MnNiGa 10 and Fe3Sn2 11 ), artificial interface system (Fe/Ir(111) 12 , FePd/Ir(111) 13 and
Co/Ni/Cu 14 ) and Heusler alloys (Mn1.4PtSn 15 ). According to the previous studies [16] [17] [18] , the skyrmion spin textures will generate a local spin chirality = • × , where S i , S j and S k represent three nearest non-collinear spin as shown in Fig 1. (a), which further induces Berry phase to the wave function of conduction electrons and then contributes to the Hall resistivity ρxy 19 . Since this additional contribution to the Hall effect originates from the topological spin texture, the term topological Hall effect (THE) is coined, which has been widely found in the metallic skyrmion-hosting materials [20] [21] [22] .
The kagome structure is a hexagonal mesh lattice which is named from the traditional Japanese woven bamboo pattern 23 . Materials with kagome structure have been pursued by researchers for a long time, because they possess many interesting physical phenomena, such as quantum spin liquid 24 , topological insulator 25 , Dirac 26 or
Weyl fermions 27 , magnetic skyrmions 11 and so on. In particular, for the geometrically frustrated kagome Fe3Sn2 magnet, a large anomalous Hall effect 28 and massive Dirac fermions 29 have been reported. In addition, our recent studies on the Fe3Sn2 have confirmed that the topological spin textures exist over a wide temperature and magnetic field (T-B) region, 11, 30 and a many-body spin-orbit tunability emergent at low temperature 31 . However, to confirm the magnetic structure and the origin of the skyrmion spin textures in kagome Fe3Sn2 magnet, a one-to-one correspondence between magnetic structure transformation and the THE is highly desired. In this letter, we demonstrate skyrmion-derived THE through the combination of magnetic and transport measurements in a geometrically frustrated Fe3Sn2 magnet with the kagomebilayer structure. As a result, the maximum magnitude of THE increases with temperature and reaches a large value (-0.875μΩ·cm) at 380K. The variation of magnetic field dependent THE is consistent with the magnetic structure transformation, which indicates the real-space fictitious magnetic field proportional to the formation of topological magnetic spin textures. Fig. 2 (a) , we can see clearly that the sign changes of MR at T = 120K. When T < 120K the sign of MR is positive and the value increases rapidly with the decrease of temperature. However, when T > 120K, the sign is negative and the absolute value increases slightly with temperature. As shown in Fig. 2 (b) , the value of as a function of temperature, it is shown clearly that almost no anomalous Hall effect was observed below 80K. The sign change of MR and may also result from the rotation of easy axis with temperature 34 , which also are consistent with previous reports 28 . However, the discrepancy in transition temperature between MR and may arise from their difference sensitivity to the rotation of easy axis, which needs further study.
The inset of Fig. 3(a) It is well known that Fe3Sn2 is a geometrically frustrated magnet 34 and has diverse topological magnetic domain above 130K 11, 30 . To understand the relation between the peaks and the magnetic structure of Fe3Sn2, we extracted the critical magnetic field corresponding to the maximum absolute value (Bpeak) and vanishing (B0) of the peaks at various temperature and compared with the phase diagram of magnetic structure from the previous report 11 . It is shown clearly that the Bpeak closes to the conversion region of trivial bubbles to skyrmionic bubbles, and the B0 almost consists with the critical field of skyrmionic bubbles disappearance. Firstly, the values of Bpeak keep almost unchanged by varying temperature, which also implies topological protection in Fe3Sn2.
Secondly, the size of topological magnetic domain 11 (~150nm) is much larger than the crystallographic lattice (a=b=0.53074nm, c=1.97011nm), we can therefore exclude the influence from non-trivial geometry in crystallographic lattice 17 . Thirdly, the magnetic structure completely transform into spin glass state within ab-plane at T < 120K, the contribution to Hall resistivity from local spin chirality is negligible due to the disorder of spin 34 . Thus, there is almost no at T < 120K. Based on the above analysis, we can confirm that the peak originates from the topological magnetic structure of Fe3Sn2.
The negative values of is due to the carriers are electrons in Fe3Sn2, thus the sign of R0 is negative which is consistent with the 20 . Moreover, there are non-zero values of even the external field almost approach zero, which is owing to the intrinsic frustrated magnetic structure. Compared with other skyrmion-hosting materials as shown in Fig. 4 , we can predict a much larger THE may be in Fe3Sn2 if one can measure at higher temperatures, because the skyrmions are still stable even at 630K 30 .
In conclusion, we report a large THE which is induced by the local spin charily from topological magnetic structure in Fe3Sn2 over a wide temperature region. The sign of THE is negative and the absolute value increases with the temperature. The critical magnetic field of THE is consistent with the magnetic structure transformation, which reflects the real-space fictitious magnetic field proportional to the formation of topological magnetic spin textures. The sign change of MR and Hall effect may attribute to the easy axis variation with temperature at temperatures below 120K, although the detailed evolution of microscopic magnetic structures as function of temperature needs further investigations.
Supplementary Material
• S1: Magnetization curves measured at B parallel to ab-plane and c-axis, respectively.
• S2: Magnetization curves measured at B parallel to c-axis.
• S3: Resistivity of different samples varied with temperature at current along ab-plane and zero magnetic field.
• S4: Magnetoresistance and Hall resistivity from the sample B and C, which consistent with the transition temperature of sample A.
• S5: The I-V curves of the sample measured at different temperature and zero magnetic field. The data indicates that the ab-plane always more easily magnetize than c-axis from 5K to 380K. However, it is clearly shown that the difference between them decreases as the rise of temperature, which suggests that the easy magnetization direction gradually rotates to the c axis.
Fig.S2
Magnetization curves measured at B parallel to c-axis. It is clearly shown there is a cross at low field region among different temperature. The red line represents the fitting magnetization line at low field.
Fig. S3
Resistivity of different samples varies with temperature at current along abplane and zero magnetic field. This is a typical metallic curve and the high RRR indicates the high quality of the signal crystal samples.
Fig. S4
Magnetoresistance and Hall resistivity from the sample B and C, which are consistent with the transition temperature of sample A.
Fig. S5
The I-V curves of the sample A measured at different temperature and zero magnetic field. The good linear fitting of the data implies the good ohmic contact of the sample.
